Objective. Idiopathic scoliosis is the most common pediatric spinal deformity affecting 1% to 3% of the population, and adolescent idiopathic scoliosis (AIS) accounts for approximately 80% of these cases; however, the etiology and pathogenesis of AIS are still uncertain. The current study aims to identify the relationship between calmodulin 1 (CALM1) gene and AIS predisposition, to identify the relationship between the genotypes of the SNPs and the clinical phenotypes of AIS. Methods. 146 AIS patients and 146 healthy controls were enrolled into this case-control study. 12 single nucleotide polymorphisms (SNPs) candidates in CALM1 gene were selected to determine the relationship between CALM1 gene and AIS predisposition. Case-only study was performed to determine the effects of these variants on the severity of the condition. Results. Three SNPs from 12 candidates were found to be associated with AIS predisposition. The ORs were observed as 0.549 (95% CI 0.3519-0.8579, = 0.0079), 0.549 (95% CI 0.3519-0.8579, = 0.0079), and 1.6139 (95% CI 1.0576-2.4634, = 0.0257) for rs2300496, rs2300500, and rs3231718, respectively. There was no statistical difference between main curve, severity, and genotype distributions of all of 12 SNPs. Conclusion. Genetic variants of CALM1 gene are associated with AIS susceptibility.
Introduction
Adolescent idiopathic scoliosis is a structural, tridimensional spinal deformity characterized by lateral curvature of the spine with Cobb angle (which is a measurement used for evaluation of curves in scoliosis [1, 2] ) greater than 10 ∘ . It affects 2-3% of the adolescent populations [3] .
Despite extensive study, the etiology and pathogenesis of AIS are still uncertain [4] ; several divergent hypotheses have been postulated to better define this etiology [5, 6] . Genetics, growth hormone secretion, connective tissue structure, muscle structure, vestibular dysfunction, melatonin deficiency, and platelet abnormalities are major areas of research [5, 6] . Adolescent idiopathic scoliosis mainly affects girls in number and severity; several familial surveys of idiopathic scoliosis provided strong evidence that genetic factors have a role in this condition [7] . Single nucleotide polymorphisms (SNPs) in the genes for estrogen receptor a (ESR1) [8] , estrogen receptor b (ESR2) [9] , matrilin 1 (MATN1) [10] , melatonin receptor 1B (MTNR1B) [11] , tryptophan hydroxylase 1 (TPH1) [12] , interleukin-6 (IL-6), and matrix metalloproteinase-3 (MMP-3) [13] have been reported to be associated with AIS predisposition. However, many scientists believe that there are still some more candidate genes that need to be elucidated.
CALM1 encodes calmodulin (CaM), a ubiquitous eukaryotic calcium-binding protein, which is a principal mediator of the calcium signal [14] and plays an important role in intercellular communication, cell movement, cell differentiation, cell proliferation, and other physiological and biochemical activities [15] .
Cantaro et al. [16] found a 2.5-to threefold increase in the level of calmodulin which was an essential mediator of calcium-induced contractility, in the platelets of patients who had idiopathic scoliosis. They also found that the level of calmodulin was associated with the severity of the spinal curve Kindsfater et al. [17] found that platelet CaM in the patient who had a progressive curve (more than 10 degrees/ year) was significantly higher than the level in the patients who had a stable curve (less than 10 degrees/year). Lowe et al. [18] also concluded that CaM levels increased in all the patients with progressive curves (13/13), and CaM levels of patients who had a progressive curve (greater than 30 ∘ or double structural curves) were higher than the level in the patients who had a stable curve and that of normal control. Therefore, they inferred that the level of platelet CaM appeared to be a useful predictor of progression of the curve than the Risser alone in patients with adolescent idiopathic scoliosis. Inoue et al. [7] found that the XbaI site polymorphism is associated with curve severity; they assumed that it may be correlated with the mechanism of CaM in the curve progression of scoliosis. More importantly, two SNPs, rs12885713 (−16C > T) and rs5871 polymorphisms, in the CALM1 gene have been proved to be predisposing factors for adolescent idiopathic scoliosis [19] . To sum up, CaM is closely related to AIS, but its mechanism is still unclear.
Candidate gene analysis, association analysis, and haplotype analysis are effect methods for investigating complicated multigenetic disease. In order to determine whether polymorphisms of CALM1 are associated with a predisposition to AIS in Chinese Han population, we selected 12 single nuclear polymorphism sites to conduct a case-control study involving 146 AIS patients and 146 control subjects.
Objects and Methods

Ethics Statement.
The study has been approved by the Ethical Committee of the First People's Hospital of Chengdu; written informed consent was obtained from all subjects or their parents in the case of children. ∘ C for 1 min, 72 ∘ C for 1 min, followed by 1 cycle of 72 ∘ C for 10 min. After amplification, the PCR products were treated with 1 unit each of shrimp alkaline phosphatase (SAP) (USB Corporation, Cleveland, OH, USA) and exonuclease I (USB Corporation, Cleveland, OH, USA) at 37 ∘ C for 75 minutes and 72
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∘ C for 15 minutes to purify the amplified products. One microliter of the purified amplification products was added to a SNaPshot Multiplex Ready reaction mixture containing 0.15 pmols of genotyping primer for primer extension reaction. The primer extension reaction was carried out for 25 cycles at 96 ∘ C for 10 seconds, 50 ∘ C for 5 seconds, and 60 ∘ C for 30 seconds. The reaction products were then treated with 1 unit of SAP at 37 ∘ C for 1 hour and 72 ∘ C for 15 minutes to remove excess fluorescent dye terminators. One microliter of the final reaction samples containing the extension products was then added to 9 microliters of HiDi formamide (ABI, Foster City, CA, USA). The mixture was incubated at 95 ∘ C for 5 min, followed by 5 min on ice, and then analyzed by electrophoresis in an ABI Prism 3730xl DNA analyzer. Analysis was carried out using Gene Mapper software (version 4.0; Applied Biosystems, Foster City, CA, USA). Table 2 shows the primer sets and Tm used for the SNaPshot assay.
Statistical Analysis.
Differences between cases and controls with respect to allele frequencies were evaluated using the Chi-Square test using SAS 8.2. All the data of 12 SNPs with polymorphisms were analyzed by the association analysis based on alleles and phenotypes of the SNPs. Odds ratio (OR) and 95% confidence intervals (CI) were computed by the unconditional logistic regression to estimate the relative risk for the single locus genotypes by online software-SNPstats. Haplotype frequencies were estimated and differences in haplotype distributions between cases and controls were assessed by Haploview 4.0 software. 
Results
Epidemiologic Data Analysis.
There were no significant differences of age distribution and sex proportion between case group and control group ( > 0.05) ( Table 1) .
Hardy-Weinberg Equilibrium Analysis of the Genotype Distributions between Case Group and Control Group.
Hardy-Weinberg equilibrium analysis showed that there was no difference of the genotype distributions of all of 12 SNPs between AIS group and control group (data not shown).
Case-Control Association Analysis Based on SNPs
Genotype and Allele. We used the following rules to select SNPs:
firstly, we used the software Haploview 4.0 to help us to choose tagSNPs of CALM1; secondly, by NCBI website (http://www.ncbi.nlm.nih.gov/SNP), we preferred to find the SNPs which were located in extron region and 5 and 3 untranslated regions; thirdly, we preferred to choose the SNPs whose heterozygosity is above 10% and minor allele frequency (MAF) is above 5%. The distributions of the alleles and genotypes for the 12 SNPs are given in Table 3 . Among them, the genotype frequency distributions of rs2300496 (SNP01), rs2300500 (SNP02), and rs3213718 (SNP05) were statistically different between case group and control group ( = 0.0196, 0.0196, and 0.0378, resp.). Further analysis revealed that all these three SNPs were all associated with AIS predisposition; the ORs were observed as 0.5495 The SNP sequence of haplotype is SNP8-SNP01-SNPl3-SNPl4-SNP02-SNP3-SNP4-SNP05-SNP011. The bold font means < 0.05. Besides that, distributions of the allele frequency with respect to rs2300496 (SNP01), rs2300500 (SNP02), and rs3213718 (SNP05) were statistically different between case group and control group ( = 0.0079, 0.0079, and 0.0257, resp.). Further analysis indicated that C allele of rs2300496, G allele of rs2300500, and C allele of rs3213718 correlated with increased susceptibility to adolescent idiopathic scoliosis (Table 3) .
We performed linkage disequilibrium analyses with respect to different SNPs in CALM1 gene using Haploview 4.0, and we found that there was a linkage disequilibrium block in control groups.
As shown in Table 4 , haplotype analysis with respect to different SNPs in CALM1 gene using Haploview 4.0 got one positive haplotype: SNP8C-SNP01A-SNPl3C-SNPl4C-SNP02C-SNP3T-SNP4G-SNP05T-SNP011C, its haplotype frequencies were higher than 10%, and that haplotype distributions were significantly different between case group and control group, which again indicated that CALM1 gene was possible to be a susceptibility gene of AIS.
Case-Only Study
Association Analysis between SNPs and Gender in Case
Group. Case group was divided into two groups according to gender of patients. Differences with respect to distributions of genotypes for the SNPs were analyzed between these two groups. As we can see from Table 5 , none of the SNPs were observed to have significant difference ( > 0.05), and no association between the SNPs and gender was detected.
Genotype Polymorphism of the SNPs: Cobb Angles of
Scoliosis. In this study, patients of case group included 146 AIS patients with Cobb angles over 30 ∘ . We analyzed the association of the SNPs genotype polymorphism with Cobb angles of scoliosis. There was no statistical difference between main curve, severity, and the genotype distributions of all of 12 SNPs.
Association Analysis between SNPs and the Location of Main Curve in AIS.
146 patients with AIS were divided into 3 groups including group A (thoracic curve, 90 cases), group B (thoracolumbar curve, 25 cases), and group C (lumbar curve, 31 cases). The curve patterns or characteristics of thoracic curve, thoracolumbar curve, and lumbar curve were that their scoliosis apexes were located in the intervertebral disc space between T2 and T11-12, at T12-L1, and at L12-L4, respectively. The genotype distributions of the SNPs were compared among these three groups and between A, B, and C, respectively. There was no statistical difference between the genotype distributions of all of 12 SNPs and location of main curve.
Discussion
Adolescent idiopathic scoliosis is a three-dimensional deformity of the spine with lateral curvature combined with vertebral rotation, which can directly affect the patient's physical and mental health [20, 21] . However, the etiology of adolescent idiopathic scoliosis is still unclear. Currently, AIS is thought to be multifactorial disorder; differing degrees of interaction between multiple factors depend on linear and summation causality [22, 23] . Although AIS has been linked to multifactorial causes, genetic factors are considered the most important cause [24] . Zhao et al. have reported that two SNPs of CALM 1 are associated with susceptibility to adolescent idiopathic scoliosis. The susceptibility of Peking Union Medical College (PUMC) classification type II (double curve) AIS and lumbar curve might be related to CALM1 rs12885713 site polymorphism, while rs5871 site polymorphism might be a risk indicator for thoracic curve cases [19] . These results give us more confidence to further explore more SNPs in CALM1 which may be associated with AIS. Therefore, we screened another 12 SNPs in CALM1 gene from 146 patients with AIS and 146 control cases and conducted an association analysis between genotype polymorphisms of CALM1 and the different clinical phenotypes of AIS. Finally, three SNPs were identified to have possible association with predisposition of AIS.
SNPs can be divided into two categories: coding SNP, located at genomic coding region, and noncoding SNP, at noncoding region. Noncoding SNPs are distributed at intron, 5 untranslating region (UTR), 3 -UTR, and other noncoding regions [25] . SNPs located at 5 -UTR may participate in the process of transcription and translation of the regulatory gene [26] , SNPs located at 3 -UTR could affect mRNA stability and translation procession [27] , and SNPs located at intron may influence the process of pre-mRNA splicing [28] . SNPs located at these regions may induce quantitative and qualitative alterations in protein expression and thus correlates with some diseases, which are often referred to as functional polymorphism [9] . Rs2300496 and rs2300500 are located at the intron 1 region in CALM1 gene, and rs3213718 is located at intron 3 region. Currently, no study about the specific function of these three SNPs has been carried out.
Association between genetic marker and disease may result from the following two cases: (1) genetic marker correlates with the pathogenesis and pathology of the disease; (2) genetic marker has strong linkage disequilibrium with pathogenic sites [29, 30] . In this study, we found that the allele frequency distributions of rs2300496, rs2300500, and rs3213718 were statistically different between case group and control group ( = 0.0079, 0.0079, and 0.0257, resp.); the genotype distributions of rs2300496, rs2300500, and rs3213718 were statically different between case group and control group ( = 0.0196, 0.0196, and, 0.0378 resp.).
Thus we speculated that these three SNPs may not correlate with the pathology of AIS but possess strong linkage disequilibrium with certain pathogenic gene, and on the other hand, we deduced that base change of these three SNPs might affect the expression of CALM1 gene which leads to the increased expression of CaM, resulting in the occurrence of scoliosis. Further analysis indicated that (1) C allele of rs2300496, G allele of rs2300500, and C allele of rs3213718 correlated with increased susceptibility to adolescent idiopathic scoliosis and (2) C/C allele of rs2300496 loci (SNP01), G/G of rs2300500 loci (SNP02), and allele C/C of rs3213718 loci (SNP05) were related to AIS predisposition. In the unconditional logistic regression analysis, after adjustment for age and gender, these three SNPs has significant odds ratio. These all supported that CALM1 gene was likely to be a susceptibility gene associated with the etiology of AIS. Compared to the genetic susceptible factors, SNP sites would not produce an effect on the occurrence and development of diseases independently, they functioned together and intrinsically correlated with each other, haplotype was a reflection of genetic linkage, and, therefore, study of the haplotype could reveal the association between multiple SNPs loci and disease susceptibility [13] [14] [15] . Based on the haplotype analysis of the SNPs, frequencies were higher than 10%, and its haplotype distributions were different between case group and control group, and we got 1 positive haplotype: SNP8C-SNP01A-SNPl3C-SNPl4C-SNP02C-SNP3T-SNP4G-SNP05T-SNP011C; this again showed that CALM1 gene was possible to be a susceptibility gene of AIS.
In the study of association between CALM1 polymorphism and location of primary curve for patients with AIS, the genotype distributions of all of 12 SNPs were not found to be different among group A (thoracic curve), group B (thoracolumbar curve), and group C (lumbar curve) ( > 0.05). We also confirmed that there was not statistical difference between 12 SNPs of CALM1 gene and the main lateral Cobb angle.
As mentioned above, CaM was not only related to the development of AIS, but also associated with the severity and progression of AIS. Mototani et al. found that −16C > T loci (rsl2885713) were localized within a core promoter region of CALM1, and the nonsusceptible −16C allele showed increased expression levels of CaM in vivo relative to the susceptible −16T allele [31] . However, we failed to design compatible primers for rsl2885713, and we did not test it in the current study.
As a multifractorial inheritance disease, one or more genotypes change will lead to different phenotypes. Age, gender, and environmental factors also contribute to the diversity of gene phenotypes. Certain nongenetic risk factors for AIS, such as osteopenia and late menarche, have been reported. However, these data were not collected in the present study, which limited our ability to evaluate geneenvironment interaction [2] . In conclusion, candidate genes which correlated with abnormalities will not be confirmed if the ranges of the gene phenotypes are not controlled.
In addition, when conducting association analysis, difference in allele frequency from systematic errors between case group and control group may result in false-positive results. Those results due to the mismatch in race and region, gender, and age structure between case group and control group only reflect the variation in evolution history, population migration, gender, and age structure between different populations [32] [33] [34] [35] . This hierarchical phenomena existing in the population will cause a poor repeatability in the genetic study of complex diseases, leading to falsepositive results. Although we screen the participants of AIS group and control group with strict inclusion criteria in this study, we still cannot ensure that there is no such interference of hierarchical factors. Consequently, more samples or nuclear families are badly needed to confirm our conclusions.
Conclusion
Despite many controversies and unanswered questions about AIS, the most difficult one is the aetiopathogenesis of AIS. We do not know if AIS is the result of one entity or more factors. The identification of aetiopathogenetic factors will enable improved prediction of progression and could aid in the development of more specific treatments. In our study, we found that genetic variants of CALM1 gene are associated with AIS and may play an important role in the development of AIS. Although it is too early to draw a conclusion, it was suggested that different clinical phenotypes of AIS might be related to different SNP loci of CAML1.
